Background/Objectives: To evaluate the effect of a 4.1-year (range 3-6 years) lifestyle intervention according to general public health recommendations on glucose tolerance and dropout in a Dutch population with impaired glucose tolerance (IGT). Subjects/Methods: In the Study on Lifestyle intervention and Impaired glucose tolerance Maastricht, 147 Caucasian IGT subjects were randomized to an intervention group (INT: n ¼ 74; 38 male, 36 female) and control group (CON: n ¼ 73; 37 male, 36 female). Annually, subjects underwent measurements of body weight, anthropometry, glucose tolerance (oral glucose tolerance test), insulin resistance (homeostasis model assessment-insulin resistance), maximal aerobic capacity (VO 2 max), blood lipids and blood pressure. INT received individual advice regarding a healthy diet and physical activity. Results: INT decreased their saturated fat intake, increased their carbohydrate intake (Po0.05) and VO 2 max (P ¼ 0.04) compared with CON. Body weight did not change significantly (P ¼ 0.20) between the groups. After an initial decrease, 2-h glucose levels overall increased in INT ( þ 0.11 mmol/l), but significantly less than CON ( þ 1.18 mmol/l; P ¼ 0.04). Diabetes incidence was lower in INT versus CON (30 versus 56%, P ¼ 0.04). Change in body weight was associated with change in 2-h glucose levels (b ¼ 0.399 mmol/l per kg, P ¼ 0.02). Dropouts had a lower aerobic fitness and socioeconomic status, and a higher body mass index (BMI) and 2-h glucose compared with non-dropouts. Conclusions: Prolonged feasible changes in diet and physical activity prevent deterioration of glucose tolerance and reduce diabetes risk. Low socioeconomic status, low aerobic fitness and high BMI and 2-h glucose are indicative of dropout to the program.
Introduction
Type 2 diabetes needs effective prevention measures for curbing the growing burden worldwide. Diabetes incidence is 10-20 times greater in those with impaired glucose tolerance (IGT) or impaired fasting glucose than those with normal glycemia (Magliano et al., 2008) .
Lifestyle interventions in IGT are an efficacious (Gillies et al., 2007; Roumen et al., 2008) and cost-effective (Jacobsvan der Bruggen et al., 2007) way to prevent type 2 diabetes (Tuomilehto et al., 2001; Knowler et al., 2002) , even after active counseling is stopped (Lindstrom et al., 2006) .
Despite the promising results of lifestyle interventions, it is unclear which factors determine changes in glucose tolerance and insulin sensitivity. Changing lifestyle toward general guidelines for diet and physical activity seems to be inversely associated with diabetes risk (Simmons et al., 2006) , suggesting that the more strict compliance to the regime, the better the outcome. The diabetes prevention program has shown that a lifestyle-induced reduction in body weight was strongly associated with a reduced diabetes risk (Hamman et al., 2006) . This study, the Study on Lifestyle intervention and Impaired glucose tolerance Maastricht (SLIM), showed that subjects who adhered to both the dietary as well as the physical activity recommendations had the greatest 1-year improvement in bodyweight, waist circumference and fasting insulin (Mensink et al., 2003a, b) , and prevented deterioration of 2-h glucose levels after 3 years (Roumen et al., 2008) . Another factor of importance is non-adherence to a lifestyle program. Overall, dropout rate varies highly between lifestyle interventions. Knowledge on determinants of adherence and intervention outcome (2-h glucose tolerance) may contribute to a more efficient and targeted intervention to prevent and/or treat type 2 diabetes in the future.
The aim of this SLIM report is to assess the long-term results of a lifestyle intervention aimed at improving glucose tolerance in a Dutch population at high risk for type 2 diabetes. The present paper extends previously published 3-year results by providing novel information on determinants of intervention outcome and dropout, which can help optimize identification, lifestyle effect and adherence in high-risk subjects.
Subjects and methods
The SLIM study is a randomized controlled trial, evaluating the effect of a combined dietary and physical activity intervention program on glucose tolerance in IGT subjects (Mensink et al., 2003a, b) . Changes in body composition, fasting and 2-h insulin and plasma glucose concentrations, serum lipids, blood pressure and maximal aerobic capacity are determined annually. The Medical Ethics Review Committee of Maastricht University approved the study protocol, and all subjects gave their written informed consent before the start of the study.
Study design and subjects
The study design has been described previously (Mensink et al., 2003a, b) . Briefly, subjects with IGT were selected from a cohort in the area of Maastricht. For inclusion, mean 2-h glucose concentration of both oral glucose tolerance tests had to be between 7.8 and 12.5 mmol/l and fasting glucose concentration o7.8 mmol/l. Data obtained during the second (venous) oral glucose tolerance test were used as baseline values. The incidence of type 2 diabetes was determined according to the World Health Organization criteria of 1999 (WHO, 1999) .
Screening and inclusion started in 1999. Originally, the study follow-up was 3 years, but this was extended to 6 years in 2002. In 2002, a second screening period was performed, and an additional 33 subjects were included in the study. In total, the study population consists of 147 subjects. The study was completed in June 2006 (see Figure 1 ). Subjects were randomized, with stratification for sex and mean 2-h plasma glucose concentration, to either the intervention group (INT: 74 subjects; 38 male, 36 female) or the control group (CON: 73 subjects; 37 male, 36 female). At the end of the intervention, 57 INT (77%) and 58 CON (79%) completed at least 3 years of lifestyle intervention, of whom 6 INT and 3 CON did not attend all measurements. In total, 32 subjects (16 INT, 16 CON) discontinued study participation and were classified as dropout. Reason for discontinuation did not differ between study groups (P ¼ 0.85). It was calculated that, based on the results of the Finnish Diabetes Prevention Study (DPS), 50-60 subjects per group would be sufficient to detect a 1.0 mmol/l difference in 2-h glucose concentration between groups (Eriksson et al., 1999) .
Lifestyle intervention
The intervention program consisted of a dietary and physical activity part. The study design has been described in detail previously (Roumen et al., 2008) . Dietary recommendations were based on the Dutch guidelines for a healthy diet (Dutch Nutrition Council). After consideration of a 3-day physical activity record, subjects received personalized advice by the researcher and/or dietician on how to increase their level of physical activity to at least 30 min a day for at least 5 days a week.
Measurements
In both the groups, all measurements were taken annually. Measurements have been described previously (Roumen et al., 2008) . In addition, in a questionnaire, subjects were asked to fill in their highest educational background. At baseline and annually until year 3, physical activity was (Ainsworth et al., 1993) and the age of the respondents.
Statistical analysis
Data analysis was conducted using SPSS for Windows (version 14.1, SPSS Inc., Chicago, IL, USA). Insulin and serum lipid concentrations were not normally distributed and were ln-transformed. Data are presented as mean±s.d. in the tables and text, and as mean ± s.e.m. in the figures to improve graphical presentation. Differences between groups at baseline were tested with a Student's t-test for independent samples or a w 2 -test. Changes over time between groups were assessed using mixed model analysis on intention-to-treat, which included all available observations, including those from later dropouts. P-values of interaction between group and time were used to indicate differences between the groups as a result of the lifestyle intervention. Survival analysis was used to determine the hazard ratio for diabetes development and to produce a Kaplan-Meier graph. Stepwise backward linear regression analysis was used to determine which parameters were associated with changes in glucose tolerance. A P-value of o0.05 was considered statistically significant. All tests were two-sided.
Results
At baseline, no differences between the randomized groups were seen apart from age, which was higher in the control subjects (58.8±8.4 years) compared with the intervention subjects (55.0±6.5 years, P ¼ 0.001 for differences between groups; Table 1 ).
Lifestyle-induced changes
In INT, total fat intake decreased (P ¼ 0.01, time Â group interaction, Figure 2a ) and carbohydrate intake increased from 40.9 ± 7.5 E% at baseline to 46.7 ± 5.9 E% at the end of the study (P ¼ 0.002), whereas the increase was smaller in CON ( þ 1.2 E%). INT decreased their saturated fat intake with 2.4%, whereas a minor decrease of 0.9% was observed for CON (Po0.001). Fiber intake increased in INT from 2.7±0.7 mg/MJ to 3.4±1.1 mg/MJ and increased less in CON from 2.7 ± 0.9 mg/MJ to 3.3 ± 1.2 mg/MJ (P ¼ 0.05). Changes in energy, cholesterol, protein and alcohol intake were similar between study groups (P40.05, data not shown). Data on energy intake from baseline to year 3 have been published previously (Roumen et al., 2008) .
During the lifestyle intervention, body weight decreased in INT after 1 year (À2.47 kg) and during the first 4 years (À0.32 kg; Table 1 ), but increased to baseline value at the end of the study, whereas body weight did not change in CON (P ¼ 0.20, Figure 2b ). Maximal aerobic capacity (VO 2 max) improved more in INT, compared with CON (P ¼ 0.042, Figure 2c ). To verify the association between physical activity and aerobic capacity, we looked at the number of days that subjects were at least 30 min physically active doing walking, bicycling, gardening or doing sports after 3 years. Statistical analyses revealed that the number of active days per week increased significantly in the INT from 2.9 ± 2.4 days at baseline to 3.8 ± 2.5 days after 3 years (change: 0.9 ± 2.8 days), whereas those of the CON decreased from 3.0±2.6 days at baseline to 2.5 ± 2.7 days (change: À0.55 ± 3.31 days). In the total population, the increase in number of days was significantly correlated with an increase in aerobic capacity (r ¼ 0.343, P ¼ 0.01). The 2-h glucose levels decreased in INT in the first 4 years and thereafter increased slightly. In CON, 2-h glucose increased from 8.80±2.09 mmol/l to 9.38 ± 2.45 mmol/l (P ¼ 0.041) for average difference between groups (Figure 2d ). No differences between groups or over time were observed in fasting glucose, fasting insulin and 2-h insulin, homeostasis model assessment-insulin resistance, triglycerides, total cholesterol, high-density lipoprotein and low-density lipoprotein cholesterol, diastolic and systolic blood pressure or medication use (P40.05, Table 1 ). Diabetes incidence was higher in the CON compared to the INT with a P-value of the log-rank test that amounted to 0.04 and a relative risk of 0.53 (95% confidence interval 0.29-0.97; Figure 3 ).
At the end of the study, 115 (57 INT/58 CON) subjects were still participating and 32 (16 INT/16 CON) had dropped out. At baseline, adherent subjects had a higher VO 2 max (Po0.05), were higher educated, and had a lower body mass index (BMI) and 2-h glucose levels compared with dropouts (Po0.01, Table 2) . Results were similar when tested for the INT and CON separately.
Factors that determine intervention outcome
Regression analysis in INT (n ¼ 49) revealed that in a model including Dbody weight, Dmaximal aerobic capacity, Dtotal fat intake and Dfiber intake as covariates, only Dbody weight was significantly associated with changes in 2-h glucose levels (standardized b ¼ 0.303 mmol/l per kg, P ¼ 0.04). When replacing Dbodyweight with Dwaist circumference, this parameter was slightly more strongly associated with D2-h glucose (b ¼ 0.316 mmol/l per cm, P ¼ 0.03). In the CON, suprailiacal skinfold thickness and age at baseline predicted worsening in 2-h glucose levels (b ¼ 0.19 mmol/l per cm, P ¼ 0.05; b ¼ 0.23 mmol/l per year, P ¼ 0.01).
Discussion
This study demonstrates novel information on factors associated with dropout and intervention outcomes, as well as confirms the long-term effectiveness of lifestyle intervention in the Dutch setting. Our findings add to the knowledge about identification, lifestyle effect and adherence in certain high-risk subgroups, and optimize implementation. Data on medication use are analysed using a w 2 , presenting the P-value at the end of intervention for differences between study groups. Data are mean±SD. *P-value using intention-to-treat analysis using all available data regarding the difference between the groups over a mean follow-up of 4.1 (3-6) years. P-value for fasting glucose, 2-h glucose, triglycerides, total cholesterol, HDL cholesterol, LDL cholesterol, diastolic and systolic blood pressure were adjusted for medication use.
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Diabetes risk
In our lifestyle intervention, the difference in 2-h plasma glucose levels between groups remained as high as 0.72 mmol/l, which was associated with a diabetes risk reduction of 47%, despite no significant differences in body weight between groups. Nevertheless, in agreement with previous results from the diabetes prevention program (Hamman et al., 2006) , stepwise regression analyses revealed that variation in body weight loss and waist circumference was the most important determinant of the change glucose tolerance. Adherence to a more rigid regime regarding weight loss, compared with what we have achieved in our study, may result in even greater improvements. The CON showed a relatively small increase in 2-h glucose levels and one may argue that the CON would not reflect the actual general population. However, at present, self-monitoring, self-tests, multimedia attention and increasing information availability and presentation of diabetes and diabetes-related complications may well increase awareness of the general population and induce small changes in their dietary and physical activity habits. The CON in our study may therefore be reflective of the informed general population at present. Subjects in the INT had a sustained higher aerobic compared with the CON, and they increased their total number of physically active days per week. Unfortunately, we were not able to analyze whether attendance to the exercise program predicted the outcome of the intervention because of the limited power. However, as B70% of the intervention subjects also used other exercise facilities or physical activities, the total number of physically active days per week may be more indicative for the whole INT. Physical activity may independently reduce diabetes risk (Hamman et al., 2006) , also by sustaining weight loss (Hamman et al., 2006) . Even small sustained increases in physical activity, as was also observed in this study, seem beneficial in the long term. Surprisingly, changes in aerobic capacity were not Figure 3 Proportion of subjects with diabetes during the lifestyle intervention. Cumulative diabetes incidence in the intervention group and control group. The relative risk of diabetes for subjects in the intervention group, as compared with those in the control group, was 0.53 (P ¼ 0.04 for the comparison between the groups). CI, confidence interval.
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Similar to the DPS, our lifestyle intervention did not have an effect on total or high-density lipoprotein-cholesterol, triglyceride levels and blood pressure or on medication use, which could have masked the lifestyle effects (Ilanne-Parikka et al., 2008) .
Dropouts to the intervention program
A limitation in this study is the seemingly high dropout rate, 21% in total (31 out of the 147 subjects). This percentage is higher compared with previous reports of the DPS (Tuomilehto et al., 2001 ) and the diabetes prevention program (Knowler et al., 2002) . On the other hand, our dropout percentage is similar to that of other lifestyle interventions after 1-2 year follow-up (Swinburn et al., 2001; Oldroyd et al., 2006) and to that observed in the DREAM trial after a follow-up for a median of 3 years (Gerstein et al., 2006) , with 29.3% (772/2635) dropout in the rosiglitazone group and 25.0% (658/2634) in the CON. Two explanations for the difference between the DPS, diabetes prevention program and SLIM can be given. First, our participants were originally extracted from the general population, and they may have had less internal motivation to participate in the study as compared with subjects recruited via advertisements, as was carried out in the DPS (Eriksson et al., 1999) . Second, no specific weight loss program was provided, which may have led to dissatisfaction for participants. In our study, subjects unable to participate until the end of the study had a lower socioeconomic status, a lower VO 2 max, and a higher BMI and 2-h glucose levels at baseline, than those who completed the study. This clustering of factors is known from previous studies, which have found that a low educational background is associated with increased risk for obesity (Ball and Crawford, 2005) and that a low occupational position in adulthood is associated with a higher prevalence of type 2 diabetes in men and women (Agardh et al., 2007) .
Subjects with a low maximal aerobic capacity were more likely to become a dropout. This is an alarming finding, as it was previously reported in the United States that especially high-risk subjects do not engage in regular physical activity (Morrato et al., 2007) . Therefore, these subjects may be especially prone to dropout en stay in their non-active physical behavior. This may lead to a vicious circle, in which the non-active behavior accelerates overweight and an unfavorable body fat distribution. To verify this finding, results from larger randomized studies regarding dropout are warranted.
Overall, the high dropout rate in the SLIM study in subjects with the worst metabolic profile and a lower socioeconomic status exemplifies the difficulty to reach and sustain lifestyle changes in this vulnerable group and, requires special programs to tailor the intervention in these groups.
Recommendations
Although, this study is already promising, better results may be achieved with special tailored programs for subjects with a low socioeconomic status to enable these subjects to change their lifestyle. Besides reducing costs of healthy food and facilities for physical activity, improving perceived susceptibility for getting diabetes and misconception about ones adherence can improve this lifestyle program. Future research has to address the barriers and promoting factors for implementing this lifestyle intervention in the general public health setting with most likely a key role for the general practitioner.
Summary
Our results underscore that prolonged feasible changes in diet and physical activity prevent deterioration of glucose tolerance and reduce diabetes risk by 47% over a mean of 4.1 years. Variation in body weight loss and waist circumference was most strongly associated with the improved glucose tolerance, exemplifying the importance of body weight and central body fat reduction. Low socioeconomic status and low aerobic fitness are indicative of dropout to the program, suggesting that these subjects may need special attention to achieve beneficial changes in their lifestyle and metabolic profile.
